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Abstract
Wang et al. claim [J. Appl. Phys. 125, 054504 (2019)] that a current-carrying wire interact-
ing with a magnetic core represents a memristor. Here, we demonstrate that this claim is false.
We first show that such memristor “discovery” is based on incorrect physics, which does not even
capture basic properties of magnetic core materials, such as their magnetic hysteresis. Moreover,
the predictions of Wang et al.’s model contradict the experimental curves presented in their paper.
Additionally, the theoretical pinched hysteresis loops presented by Wang et al. can not be repro-
duced if their model is used, and there are serious flaws in their “negative memristor” emulator
design. Finally, a simple gedanken experiment shows that the proposed Φ-memristor would fail the
memristor test we recently suggested in J. Phys. D: Appl. Phys. 52, 01LT01 (2019). The device
“discovered” by Wang et al. is just an inductor with memory.
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FIG. 1. (a) Magnetization, M , vs magnetic field, H, curve for a ferromagnetic/ferrimagnetic
material. Reprinted with permission from Ref. [4]. (b) and (c): Normalized magnetization, m,
versus H plotted using Eq. (1) for I(t) = I0 sin(ωt) with parameter values I0/(ωSW ) = 10/3,
m0 = 0.5 (b), and m0 = 0 (c).
In a recent paper [1], Wang et al. claimed the “discovery” of what they call the “Φ-
memristor”or“real memristor”, in which a current-carrying wire is strung through a magnetic
core. As we show below, this claim is based on an erroneous physical model of magnetization
dynamics that links the normalized magnetization m(t) to the net charge q(t) that traverses
the device according to
m(t) = tanh
[
q(t)
SW
+ C
]
. (1)
where SW is a switching constant, C = tanh
−1m0 is a constant of integration, and m0 is
the initial magnetization. Based on Eq. (1), the authors of [1] derived the current-voltage
relation of the “real memristor” of the form
V (t) =
dϕ
dt
=
µ0SMS
SW
sech2
(
q(t)
SW
+ tanh−1m0
)
I(t). (2)
Here, S is an area, and MS is the saturation magnetization. While, superficially, Eq. (2) has
the form of a memristor model, V = RM(q)I [2], the fact that Eq. (2) was derived based on
incorrect physics refutes their claim.
Curiously, in Ref. [3] exactly the same system was given as an example of inductor
with memory (meminductive system) by the authors of this Comment together with the last
author of Ref. [1] (Chua). We continue to argue that it was the correct classification, namely
that a current-carrying wire strung through a magnetic core is not a memristor, but simply
an inductor with memory.
Typically, magnetic core memories utilize rings of semi-hard ferrite, which is a ferrimag-
net. Ferrimagnets are characterized by hysteretic magnetization loops, similar to the loops
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of ferromagnets (see, e.g., Refs. [4] and [5]). In Fig. 1(a) we provide a typical magnetiza-
tion curve of ferromagnet/ferrimagnet materials showing that the magnetization switches
between two limiting values (±MS) in response to a time-dependent (e.g., sinusoidal) input.
However, this property is missing in the Eq. (1) model. According to Fig. 1(b) and (c),
the hysteretic loops obtained from Eq. (1) are not even close to the ones of real ferromag-
nets/ferrimagnets. In fact, a general property of Eq. (1) for any frequency of sinusoidal
input is that the magnetization never decreases below its initial value. Therefore, there is a
clear disagreement between the response of actual physical ferromagnets/ferrimagnets and
the dynamics described by Eq. (1).
Next, in Fig. 2 we plot the voltage across the “Φ-memristor” as a function of time. We
emphasize that in this plot the voltage peaks representing the magnetization reversal have
the wrong timing. While in real materials one should expect 180◦ phase shift between
negative and positive peaks [6], the phase shift in Fig. 2(a) is much longer. Additionally,
it should be mentioned that Fig. 5 of Ref. [1] can not be reproduced using the analytical
expression for the voltage across the memristor, Eq. (2): compare Fig. 2(a) and (b) that are
supposed to represent the same responses. It seems that an undocumented sinusoidal input
was added to make V (t) look closer to typical memristor curves found in the literature.
There must also be a mistake with the frequency range used by the authors of Ref. [1] since
the magnetization-switching processes, which typically occur at the microsecond time scale,
would be seen instantaneous on the scale of seconds used in Fig. 2(b).
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FIG. 2. (a) Time-dependencies of the current (red curve) and voltage (green curve). Here, V (t)
is plotted using Eq. (2) with a sinusoidal current input I(t) = I0 sin(ωt) for I0/(ωSW ) = 10/3,
m0 = 0. (b) Corresponding plot reprinted with permission from Ref. [1].
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We further comment that the design of the “negative memristor” emulator (Fig. 19 of
Ref. [1]), as it stands, is incomplete. It looks very similar to the digital memristor emulator
suggested by us in Ref. [7], but misses the connections between the measurement terminals
and the switching resistors. Additionally, it is not obvious why the switching resistors are
negative. Generally, negative resistances must be emulated by active components, such as
digital-to-analog converters (DACs), see Ref. [8].
Finally, we provide yet another argument as to why the “Φ-memristor”proposed by Wang
et al. is not a memristor. Very recently, we have introduced a test that can unambiguously
distinguish whether the tested device is indeed a memristor or something else [9]. The test
is based on a duality property of the capacitor-memristor circuit, and can be summarized
as follows: “For any initial resistance states of the memristor and any form of the applied
voltage, the final state of an ideal memristor must be identical to its initial state, if the
capacitor charge finally returns to its initial value” [9].
It is very easy to see that the“Φ-memristor”would fail the above test by simply examining
the following gedanken experiment. Consider, for instance, a capacitor-Φ-memristor circuit
subjected to a triangular voltage pulse [10]. Since the pulse amplitude can always be selected
high enough to flip the magnetization while the voltage rises, and the voltage drop can always
be selected slow enough to avoid the reverse flipping of magnetization, it is evident that the
“Φ-memristor” would fail the test since its final state would be different than the initial one,
after the capacitor has fully discharged. We emphasize that this conclusion can be reached
based simply on the well-documented threshold property of magnetization reversal [4].
In conclusion, we have demonstrated that the “Φ-memristor” Wang et al. claim to have
“discovered” [1] is, in fact, not a memristor. The fundamental error made by Wang et al.
can be traced to their use of an incorrect model of magnetization dynamics. We have also
highlighted several inconsistencies in their paper, including the inability to reproduce some
of their curves, and their dubious design of a“negative memristor” emulator. Finally, the“Φ-
memristor”would fail the memristor test we have proposed, as a simple gedanken experiment
shows. The current-carrying wire interacting with a magnetic core is nothing other than a
memory inductor as we identified (together with Chua, co-author of Ref. [1]) in the past [3].
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